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© Water penetration preventive cable. 



CM 



© A water penetration preventive cable comprising 
an assembly of linear elements comprising a core 
wire in a various form and an optional linear tensile 
strength element, the assembly being covered with a 



^sheath, characterized in that the linear elements 
and/or the sheath are wound with a water absorptive 
Jfltape, and/or in that the gap between the linear ele- 
j^ments and/or between the linear element and the 
sheath is filled with a linear water absorptive linear 
W events, wherein the water absorptive tape and 
water absorptive linear elements are made of a water 
^absorptive polymer supported on a tape like or linear 
® support. 
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WATER PENETRATION PREVENTIVE CABLE 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

This invention relates to improvements in a 
cabte having an optical fiber core wire or thread or 
a conductor core wire. More particularly, the inven- 
tion relates to a water penetration preventive cable 
such that so-called "running of water" is prevented, 
namely water which has come into the cable upon 
damages of the water covering is prevented from 
running longitudinally of the cable and particularly 
to the improvements in the cable. 

A cable having optical fiber core wires or a 
cable having conductor core wires is known, and 
the former is particularly noted for expected future 
prosperity upon development of an optical commu- 
nication technique. 

Such cables have various structures in view of 
the type of the assembly of core wires or threads, 
such as layer-strand type, ribbon type, slot ribbon 
type, slot type or loose pipe type. They generally 
have a sheath or covering to protect the core wires 
- therein against an external atmosphere. However, 
the damage of the sheath due to an ageing deterio- 
ration or a damage accident is unavoidable. One of 
the defect when the sheath is damaged is adverse 
influence to the core wire due to the penetration of 
the water. If water once penetrates in the cable, it 
runs longitudinally of the cable to increase the 
damage, which is inherent in the structure of the 
cable. 



RELATED ART 

Such damage due to the penetration of water 
in the cable is already recognized, and several 
prior inventions of so-called "water penetration pre- 
ventive cable" have heretofore proposed. They are 
ail devised to fill up a gap or a vacant space in the 
cable which will make a passage of a penetrated 
water. One of such method comprises a step of 
concentrically stranding core wires while coating 
the core wires with water repellent jelly (more par- 
ticularly, a mixture of petrolatum or polybutene as a 
base, with petroleum wax, low molecular weight 
polyethylene, and an antioxidation agent), or in 
case of strand type cable or loose pipe type cable, 
the method comprises coating the pipe with the 
jelly. Since this method can sufficiently fill the jelly 
in the space between the core wires, it has large 
water penetration preventing effect However, this 



method scarcely avoids the deterioration of working 
environment due to the drop of the jelly in the step 
of assembling the core wires. 

In order to solve the problem of filling a va- 

5 cancy in a cable with a jelly in situ for the stranded 
wires, there is also known a method of pressuring 
the above-described jelly in a vacancy within a 
cable core or a pipe containing a plurality of con- 
centrically stranded core wires when a layer strand 

70 cable or loose pipe type cable is concerned. Fur- 
ther, there is known a method of pressuring a water 
repellent jelly into a vacancy in a cable which, in 
the case of a ribbon type cable, is a space be- 
tween the laminate of the ribbon and a sheath or 

75 which, in the case of a slot ribbon type cable, is a 
space except the laminate in the slot of a core 
material or which, in the case of a slot type cable, 
is a space of the slot of the core material. 

However, operability can be improved, but 

20 when the array of the core wires is dense, it is 
difficult to uniformly fill the vacancy within the 
cable with the jelly, and unfilled spaces tend to 
occur. In view of this point, the jelly is pressured-in 
in a heated state so as to increase the fluidity of 

25 the jelly, but after the jelly is pressured-in, void can 
be generated due to the thermal shrinkage of the 
jelly to form a water passage. On the other hand, if 
the pressuring-in is conducted under much in- 
creased pressure a problem could occur in case 

30 where the core wires are optical fibers, namely the 
characteristics of the fiber might be reduced. 

In order to solve problems unavoidable for the 
method of pressuring-in of a water repellent jelly, it 
is proposed to add high water absorptive resin to 

35 the jelly. This method is advantageous in the im- 
provement of water penetration preventive effect, 
but since hydrophilic, high water absorptive resin is 
dispersed in the oily jelly, oil content disturbs the 
water absorption so that the capacity of the high 

40 water absorptive resin is not sufficiently performed, 
thereby not completely solving it In order to pre- 
vent the capacity of the high water absorptive resin 
from decreasing, there is also proposed a method 
of stranding core wires after coating the core wires 

45 with silicone oil and then putting a powderlike high 
water absorptive resin adhering to the wires. In this 
method, it is difficult to regulate the adhering 
amount of the high water absorptive resin powder, 
and working environment is deteriorated due to the 

so scatter of the resin powder. 

On the other hand, there is known a method of 
preventing water from penetrating to a cable by 
taping the outside of the core wire with a sheet 
which has a particulate form of the high water 
absorptive resin fixed with a binder to a base such 
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"as film or nonwoven fabric, which resin will swell 
upon contact with water which may have come into 
the cable. However, this method has some prob- 
lems. That is, since the water absorptive resin is, in 
general, not fixed firmly to the base material, the 
resin tends to be frequently dropped at the time of 
manufacturing a cable, and, further, while a thin 
sheet is required for the core wire of small diam- 
eter, such a thin sheet is not easily manufactured. 



SUMMARY OF THE INVENTION 



Accordingly, an object of the present invention 
is to solve the above-described problems occurring 
in the related art and to hence provide a water 
penetration preventive cable in which the core 
wires or its assembly is coated with a tape of water 
absorptive resin complex (to be described in detail 
later) and a linear element of the complex is filled 
in vacancies between core wires or between core 
wire assemblies. 

In order to achieve this and other objects, there 
is provided according to the present invention a 
water penetration preventive cable having an as- 
sembly of at least one linear element comprising a 
core wire and at least one linear element compris- 
ing a linear tensile strength member, the assembly 
being covered with a sheath to form the cable, 
characterized in that (1) at least one of the linear 
elements is wound with a water absorptive tape, 
and/or (2) a water absorptive linear element is 
interposed at least partly between said linear ele- 
ments and/or between said linear element and said 
sheath, and/or (3) said assembly is wound with a 
water absorptive tape, and further in that (4) said 
water absorptive tape and said water absorptive 
linear element are made of a water absorptive 
polymer complex obtained by polymerizing a water 
soluble ethylenically unsaturated monomer impreg- 
nating or coated on a tapelike or a linear support or 
a support to be formed into a tapelike or linear 
shape. 

In order to achieve this and other objects, there 
is provided according to another aspect of the 
present invention a water penetration preventive 
cable having a secondary assembly of linear ele- 
ments comprising a plurality of primary assemblies 
and at least one optional element comprising a 
linear tensile strength member, the primary assem- 
bly being of at least one linear element comprising 
a core wire and at least one optional linear element 
comprising a linear tensile strength member, the 
secondary assembly being covered with a sheath, 
to form the cable characterized in that (1) at least 
one of the linear elements of the primary assem- 
blies is wound with a water absorptive tape, and/or 



(2) a water absorptive linear element is interposed 
at least partly between the linear elements of the 
primary assemblies, and/or (3) at least one of the 
linear element of said second assembly is wound 
5 with a water absorptive tape, and/or (4) a water 
absorptive linear element is interposed at least 
partly between the linear elements of the second 
assembly and/or between the linear element of the 
second assembly and the sheath, and/or (5) the 

10 second assembly is wound with a water absorptive 
tape, and further in that the (6) said water absorp- 
tive tape and said water absorptive linear element 
are made of a water absorptive polymer complex 
obtained by polymerizing a water soluble 

rs ethylenically unsaturated monomer impregnating or 
coated on a tapelike or a linear support or a sup- 
port to be formed into a tapelike or linear shape. 

More particularly, another object of the present 
invention is to solve the above-described problems 

20 occurring in the related art and to hence provide a 
water penetration preventive layer-strand cable in 
which the core wires or its assembly is coated with 
a tape of water absorptive resin complex (to be 
described in detail later) and a linear element of 

25 the complex is put in and fill gaps between core 
wires or between core wire assemblies. 

In order to achieve this and other objects, there 
is provided according to another aspect of the 
present invention a water penetration preventive 

30 layer-strand cable comprising linear elements com- 
prising a plurality of core wires and at least one 
optional linear tensile strength element, an assem- 
bly of said linear elements being assembled and 
the assembly being covered with a sheath to form 

35 the cable characterized in that (1) at least one of 
linear elements is wound with a water absorptive 
tape, (2) absorptive linear element is interposed at 
least partly between said linear elements and/or 
between said linear element and said sheath, and, 

40 (3) said assembly is wound with a water absorptive 
tape, and (4) said water absorptive tape and said 
water absorptive linear element are made of water 
absorptive polymer complex obtained by poly- 
merizing a water soluble ethylenically unsaturated 

45 monomer impregnating or coated on a tapelike or 
linear support or a support to be formed into a 
tapelike or linear shape. 

In order to achieve this and other objects, there 
is provided according to a yet another aspect of 

so the present invention a water penetration preven- 
tive layer strand cable comprising a secondary 
assembly of linear elements comprising a plurality 
of primary assemblies and at least one optional 
element comprising a linear tensile strength mem- 

55 ber, the pirmary assembly being of at least one 
linear element comprising a core wire and at least 
one optional linear element comprising a linear 
tensile strength member, the secondary assembly 
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being covered with a sheath to form the cable, 
characterized in that (1) at least one of linear ele- 
ments of said primary assemblies is wound with a 
water absorptive tape, (2) an absorptive linear ele- 
ment is interposed at least partly in a gap between 
said linear elements of said primary assemblies 
and, (3) at least one of the linear element of said 
second assembly is wound with a water absorptive 
tape, (4) a water absorptive linear element is inter- 
posed at least partly in a gap between linear ele- 
ments of said second assembly and/or in a gap 
between the linear element of said second assem- 
bly and said sheath, and (5) said second assembly 
is wound with a water absorptive tape, and (6) said 
water absorptive tape and said water absorptive 
linear element are made of water absorptive poly- 
mer complex obtained by polymerizing a water 
soluble ethylenically unsaturated monomer impreg- 
nating or coated on a tapelike or linear support or a 
support to be formed into a tapelike or linear 
shape. 

Accordingly, still another object of the present 
invention is to provide a water penetration preven- 
tive ribbon type cable in which the stack of the 
core wire ribbon or its assembly is wound with a 
tape of a water absorptive resin complex (to be 
described in detail later) and a linear element of 
the water absorptive resin complex is put to fill 
gaps between the laminate and the tape or be- 
tween laminate assemblies and between the tapes. 

In order to achieve this and other objects, there 
is provided according to yet another aspect of the 
present invention a water penetration preventive 
ribbon type cable comprising a stack of core wire 
ribbons covered with a sheath, the core wire ribbon 
being such that a plurality of core wires are aligned 
and the entire core wires are embedded in a flat 
plastics material, characterized in that at least one 
of the stacks of the core wire ribbons optionally 
with a water absorptive linear element is wound 
with a water absorptive tape, and/or, in the case 
where of a plurality of the stacks is included, an 
assembly of the stacks together with a plurality of 
the water absorptive linear elements is wound with 
a water absorptive tape, and said water absorptive 
tape and said water absorptive linear element are 
made of water absorptive polymer complex ob- 
tained by polymerizing a water soluble ethylenical- 
ly unsaturated, monomer impregnating or coated 
on a tapelike or linear support or a support to be 
formed into a tapeiike or linear shape. 

Accordingly, still another object of the present 
invention is to provide a water penetration preven- 
tive slot ribbon type cable in which the core wires 
ribbon stack is wound with a tape of water absorp- 
tive resin complex (to be described in detail later), 
a linear element of the water absorptive resin com- 
plex is put to fill gaps in the slots of the core 



structure housing the stack, and the core structure 
is wound by a tape of the water absorptive resin 
complex. 

In order to achieve this and other objects, there 
5 is provided according to yet another aspect of the 
present invention a water penetration preventive 
slot ribbon type cable comprising a stack of core 
wire ribbons the core ribbon being such that a 
plurality of core wires are aligned and the entire 

io core wires are embedded in a flat plastics material, 
the stack being housed in each of a plurality of 
slots formed longitudinally of the outer periphery of 
a core structure, the core structure being covered 
with a sheath to form the cable characterized in 

75 that at least one of the stack is wound with a water 
absorptive tape, and/or a water absorptive linear 
element is interposed at least partly in a gap in the 
slot of the core structure housing the stack, or/and 
the core structure housing the stack is wound with 

20 a water absorptive tape, said water absorptive tape 
and said water absorptive linear element are made 
of a water absorptive polymer complex obtained by 
polymerizing a water soluble ethylenically unsatu- 
rated monomer impregnating or coated on a 

25 tapeiike or linear support or a support to be formed 
into a tapelike or linear shape. 

Accordingly, still another object of the present 
invention is to provide a water penetration preven- 
tive slot type cable in which a core wire and a core 

30 structure of the slot type cable are wound with a 
tape of water absorptive resin complex (to be de- 
scribed in detail later) and a linear element of the 
water absorptive resin complex is put to fill gaps in 
the slots of the core structure housing the core 

35 wire. 

In order to achieve this and other objects, there 
is provided according to yet another aspect of the 
present invention a water penetration preventive 
slot type cable comprising one or a plurality of 

40 core wires housed in a plurality of slots formed 
longitudinally of the outer periphery of a core struc- 
ture, at least one of the core structures being 
covered with a sheath to form the cable character- 
ized in that at least one of the core wires housed in 

45 the slot is wound with a water absorptive tape, 
and/or a water absorptive linear element is inter- 
posed at least partly in a gap in the slot housing 
the core wire, and/or the core structure as it is or 
as an assembly thereof is wound with a water 

so absorptive tape, and, in the case where the core 
structure as an assembly thereof is wound with a 
water absorptive tape, the assembly is wound with 
the tape together with a water absorptive linear 
element, and said water absorptive tape and said 

55 water absorptive linear element are made of a 
water absorptive polymer complex obtained by 
polymerizing a water soluble ethylenically unsatu- 
rated monomer impregnating or coated on a 
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* tapelike or linear support or a support to be formed 
in a tapelike or linear shape. 

Accordingly, still another object of the invention 
is to provide a water penetration preventive loose 
pipe type cable in which core wires or its assembly 
is wound with a tape of a water absorptive resin 
complex (to be described in detail later) and a 
linear element of the water absorptive resin com- 
plex is put to fill gaps between core wires or 
between core wire assemblies. 

In order to achieve this and other objects, there 
is provided according to still another aspect of the 
invention a water penetration preventive loose pipe 
type cable comprising a plurality of linear elements 
comprising a plurality of pipes housing a core wire 
or wires of smaller outer diameter than the inner 
diameter of the pipe and at least one optional linear 
tensile strength element, of the assembly plurality 
of linear elements being covered with a sheath to 
form the cable characterized in that at least one of 
linear elements of the cable is wound with a water 
absorptive tape, and/or a water absorptive linear 
element is interposed at least partly in a gap be- 
tween the linear elements and/or between the linear 
element and the sheath, and/or the assembly is 
wound with a water absorptive tape, said water 
absorptive tape and said water absorptive linear 
element are made of a water absorptive polymer 
complex obtained by polymerizing a water soluble 
ethylenically unsaturated monomer impregnating or 
coated on a tapelike or linear support or a support 
to be formed into a tapelike or linear shape. 

In order to achieve this and other objects, there 
is provided according to still another aspect of the 
invention a water penetration preventive loose pipe 
type cable comprising a secondary assembly of 
linear elements comprising a plurality of primary 
assembly and at least one optional linear tensile 
strength member, the primary assembly being of a 
plurality of linear elements comprising a plurality of 
pipes housing a core wire or wires of smaller outer 
diameter than the inner diameter of the pipe and at 
least one optional linear tensile strength member 
the assembly being covered with a sheath to form 
the cable, characterized in that at least one of the 
linear elements of the primary assembly is wound 
with a water absorptive take, and/or a water absorp- 
tive linear elements is interposed at least partly in a 
gap between the linear elements of the primary 
assembly, and/or at least one of the linear ele- 
ments of the secondary assembly is wound with a 
water absorptive tape, and or a water absorptive 
linear element is interposed at least partly in a gap 
between the linear elements and/or between the 
linear element and the sheath of the second as- 
sembly and/or the secondary assembly is wound 
with a water absorptive tape, and said water ab- 
sorptive tape and said water absorptive linear ele- 



ment are made of a water absorptive polymer 
complex obtained by polymerizing a water soluble 
ethylenically unsaturated monomer impregnating or 
coated on a tapelike or linear support or a support 

5 to be formed into a tapelike or linear shape. 

According to the present invention, "dried" wa- 
ter penetration preventive material is employed in- 
stead of water repellant jelly and the water penetra- 
tion preventive material is disposed at the time of 

10 forming the cable. Therefore, the problems in the 
related art can be eliminated. 

Since the water absorptive polymer complex 
(to be described in detail later) of the water pene- 
tration preventive material used in the present in- 

15 vention is rapidly swelled upon absorption of the 
water, the increase in the penetration of water into 
the cable can be effectively prevented, or water 
which may have come into the cable is effectively 
prevented from running further into the cable, by 

20 the pressure generated by the increase in the 
volume due to the swelling at the time of penetrat- 
ing the water due to the damage of the sheath of 
the cable. 

Other and further objects, features and advan- 
25 tages of the invention will appear more fully from 
the following description. 



BRIEF DESCRIPTION OF THE DRAWINGS 

30 " " ~™ ~~ *" * " " ' ~ ' 

Fig. 1 is a sectional view showing an em- 
bodiment of an optical fiber of a water penetration 
preventive cable according to the present invention; 
35 Fig. 2 is a sectional view showing an exam- 

ple of a unit strand cable with the water penetration 
preventive cable in Fig. 1 except its sheath housed 
in the cable as a unit; 

Fig. 3 is a sectional view showing another 
40 embodiment of an optical fiber of a water penetra- 
tion preventive ribbon type cable according to the 
present invention; 

Fig. 4 is a sectional view showing an exam- 
ple of a unit strand cable with the water penetration 
45 preventive cable in Fig. 3 except its sheath housed 
in the cable as a unit; 

Fig. 5 is a sectional view of yet another 
embodiment of a stack of an optical fiber ribbon of 
a water penetration preventive slot ribbon type ca- 
50 ble according to the present invention; 

Fig. 6 is a sectional view showing an exam- 
ple of a water penetration preventive slot ribbon 
type cable according to the present invention; 

Fig. 7 is a sectional view showing still an- 
55 other embodiment of an optical fiber of a water 
penetration preventive slot type cable according to 
the present invention; 

Fig. 8 is a sectional view showing an exam- 
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pie of a unit strand cable with the water penetration 
preventive cable in Fig. 7 except its sheath housed 
in the cable as a unit; 

Fig. 9 is a sectional view showing another 
embodiment of an optical fiber of a water penetra- 
tion preventive loose pipe type cable according to 
the present invention; and 

Fig. 10 is a sectional view showing an exam- 
ple of a unit twisted cable with the water penetra- 
tion preventive loose pipe type cable in Fig. 9 
except its sheath housed in the cable as a unit. 

DESCRIPTION OF THE PREFERRED EMBODl- 
MENTS 



The present invention will be described in de- 
tail with reference to preferred embodiments. 



1-1. Fundamental Constitution of Layer Strand Ca- 
ble 

A cable of the present invention as one aspect 
is of an assembly of linear elements containing a 
plurality of core wires and at least one optional 
linear tensile strength element and a sheath cover- 
ing the assembly, and as another aspect is of an 
assembly of such cables, i.e., an assembly of the 
linear element (hereinafter referred to as "a secon- 
dary assembly") of linear elements containing a 
plurality of assemblies of the linear element 
(hereinafter referred to as "primary assemblies") 
containing a plurality of core wires and at least one 
optional linear tensile strength element and a 
sheath covering the secondary assembly. 

Such a fundamental constitution of the cable is 
heretofore known. 

The "core wire" is formed of metal wire made 
of copper or aluminum, etc. in case that the cable 
is of an electric wire, or formed of an optical fiber 
in case that the cable is for use in an optical 
communication. In case of the optical fiber, it may 
be conventional that the optical fiber is covered 
with a buffer layer (e.g., a flexible, ultraviolet-cros- 
slinked plastic layer) to protect the optical fiber, 
and further provided with a coating made of a 
plastic, such as nylon or the like. In the present 
invention in this specification, such a structure is 
called "a core wire". The core wire is formed of a 
single wire or may be formed of a plurality of wires, 
a stranded wires, all of which are defined as "a 
core wire". It should be noted that a plurality of 
linear elements and core wires in particular to form 
an assembly can have different types, thicknesses 
or diameters. 

Since optical fibers are normally weak against 
a tension, it is common to dispose in cables in 



linear tensile strength element made of a metal 
wire or the like so as to incorporate a necessary 
tensile strength as a cable. The linear tensile 
strength element is formed of a metal wire, or may 
5 be formed of a suitable coating (e.g., a buffer 
coating). The tensile strength necessary as the 
cable can alternatively be provided in the cable by 
disposing a linear tensile strength element in the 
sheath of the cable. One of the reasons why the 

w linear tensile strength element is stated as being 
"optional" in the present invention is based on this 
alternative, and the "sheath" in the present inven- 
tion is to be understood to include this alternative. 
The above-mentioned linear elements, may, as 

75 a mere bundle or preferably as a strand, make an 
assembly, or primary assembly, of the linear ele- 
ments. It is noted that other linear element match- 
ing the object of the present invention may also be 
further disposed as required in the primary assem- 

20 bly within the scope of the present invention. 

An embodiment of a cable of such fundamental 
constitution is of a structure that a linear tensile 
strength element is disposed at a center as a 
central interposition and core wires are disposed 

25 around the linear tensile strength member to form 
an assembly, and a sheath covers the assembly 
(The details will be described later). 

In another aspect of a water penetration pre- 
ventive cable according to the present invention, an 

30 assembly of linear elements of the structure of the 
fundamental constitution shown above but without a 
sheath, which is called "a primary assembly," is 
assembled together with an optional linear tensile 
strength member into a further assembly, which is 

35 called "a secondary assembly" and the secondary 
assembly is covered by a sheath thereby to a 
cable. 

The primary assembly as a linear element of 
the secondary assembly and an optional linear 

40 tensile strength element are as described above 
with respect to the primary assembly, and assem- 
bling these linear elements into the secondary as- 
sembly by bundling or stranding these linear ele- 
ments also stand explained except for replacing the 

45 description of the formation of the primary assem- 
bly with the "core wires" as the "primary assem- 
bly". 

An embodiment of the cable of the fundamen- ' 
tal constitution made of the secondary assembly is 

so of a structure that the primary assembly having no 
linear tensile strength element is disposed around 
a linear tensile strength element to form an assem- 
bly, i.e. secondary assembly and a sheath covers 
the secondary assembly (details will be described 

55 later). 

In any constitution, the sheath for covering the 
outer periphery of a cable to protect the core wires 
and the assembly in the cable is formed of rubber, 
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plastic, rubber or plastic impregnated cloth or other 
material, all heretofore known. 

A process for producing a cable of such fun- 
damental constitution is also heretofore known, and 
fundamentally has steps of forming an assembly 
by bundling or stranding the linear elements and 
applying a sheath thereon. 



11-1. Water Penetration Preventive Layer Strand Ca- 
ble 

A water penetration preventive cable according 
to the present invention is characterized in that at 
least one of linear elements of the cable of any of 
the aspects of the fundamental constitutions de- 
scribed above (the primary assembly and an op- 
tional linear tensile strength element in case of the 
secondary assembly) is wound with a water ab- 
sorptive tape (details will be described later), an 
assembly (primary or secondary) to be covered 
with a sheath is wound with a water absorptive 
tape, and a water absorptive linear element (details 
will be described later) is interposed at least partly 
in a gap between the linear elements and/or be- 
tween the linear element and the sheath. 

Since the coating of the linear element with the 
water absorptive tape and the filling of the water 
absorptive linear element in the gap in the cable 
are conducted so that a water penetration prevent- 
ing effect is recognized to a desired extent, at least 
one of the linear elements may be covered with the 
water absorptive tape. It is noted as described 
above that a plurality of linear elements to form an 
assembly may have different types and thicknes- 
ses or diameter. In this case, the water absorptive 
tape may be used only on the specific linear ele- 
ment selected. The core wires or the primary as- 
sembly not wound with the water absorptive tape 
may be covered with a conventional tape. 

On the other hand, since it is a common prac- 
tice that the water absorptive linear element to be 
filled in the linear gap in the cable bundled or 
stranded together when the linear elements are 
bundled or stranded so as to be disposed in the 
cable, and that the water absorptive linear element 
may be further disposed in the gap between the 
assembly and the sheath on the outer periphery of 
the assembly followed by cover with a sheath, 
necessary number, of water absorptive linear ele- 
ments, one or a plurality, may be used at the time 
of manufacturing the cable in view of colume of the 
gap to be formed. 

Figs. 1 and 2 are sectional views showing an 
embodiment of two types of a water penetration 
preventive layer strand cable according to the 
present invention, wherein Fig, 1 is of a first type, 
i.e. of a primary assembly, and Fig. 2 is of a 



second type, i.e. of a secondary assembly. These 
embodiments all have a structure that one linear 
tensile strength element disposed at a center and 
core wires or primary assembly (without linear ten- 

5 sile strength element) disposed on the periphery of 
the linear tensile strength element, and the core 
wires are covered with the water absorptive tape, 
the assembly is covered with the water absorptive 
tape, and the water absorptive linear element is 

10 applied to fill the gap with in the cable to the 
maximum limit, which structure is a typical embodi- 
ment of the present invention although the present 
invention is not limited to the particular embodi- 
ment. 

/ 5 The water penetration preventive layer strand 
cable according to the present invention may be 
manufactured by a conventional method of manu- 
facturing a cable of the above-described fundamen- 
tal constitution, which comprises steps of winding 

zo the water absorptive tape on the core wire(s) or the 
primary assembly (winding of the tape is known as 
a unit step in conventional manufacture of cables) 
and bundling or stranding the core wires and/or the 
primary assembly together with the water absorp- 

25 tive linear element. 



I-2. Fundamental Constitution of Ribbon type Cable 

30 * Another aspect of a cable of the present inven- 
tion is of a ribborhtype cable. As described above, 
a plurality of core wires are aligned in parallel, the 
entire core wires are embedded in a plastics ma- 
terial in a flat state to forms a core wire ribbon, and 

as a plurality of the core wire ribbons are superposed 
as a stack, and at least one of stacks is covered 
with a sheath. 

Such a fundamental constitution of cables is 
. heretofore known. 

40 The "core wire" is formed of metal wire made 
of copper or aluminum, etc. in case that the cable 
is of an electric wire, or formed of an optical fiber 
in case that the cable is for use in an optical 
communication. The ribbon type cable is particu- 

45 larly adapted as the cable state for an optical fiber. 
In case of the optical fiber, the optical fiber element 
is covered with a buffer layer (e.g., a flexible, 
ultraviolet-crosslinked plastic layer) to protect the 
optical fiber element, and further provided with a 

so coating made of a plastic, such as nylon or the like. 
In the present invention in this specification, such a 
structure is called "a core wire". The core wire is 
formed of a single wire or may be formed of a 
plurality of wires, or twisted wires, all of which are 

55 defined as "a core wire". In this case, a core wires 
may have different types, thicknesses or diameters. 

A plurality of such core wires are aligned in 
parallel, the entire core wires are covered with or 
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embedded in a plastic material in a flat state to 
form a core wire ribbon or a core wire tape), and a 
plurality of the core wire ribbons are superposed as 
a stack, one or more such stacks are gathered and 
covered with a sheath as a ribbon type cable. The 
"plastic" for forming the ribbon has preferably suf- 
ficient flexibility. Accordingly, it contains rubberlike 
plastic and rubber. 

Since the optical fibers are normally weak 
against a tension even if they are formed in a 
ribbon or in a stack of the ribbons, it is a common 
practice to dispose a linear tensile strength ele- 
ment made of a metal wire or the like so as to 
provide the cable with a necessary tensile strength. 
The linear tensile strength element is a metal wire 
itself, or may be so-called a central interposition 
which is a metal wire convered with a suitable 
coating such as e.g., a buffer coating. The tensile 
strength necessary as a cable can be provided by 
disposing a linear tensile strength element not in 
the inside of but in the sheath of the cable. The 
present invention belongs to the category of a 
known ribbon type cable as long as a type of 
cables is concerned, and it is thus to be under- 
stood that use of such tensile strength element is 
within the purviews of the present invention. 

In one aspect of an embodiment of the ribbon 
type cable of such fundamental constitution, the 
structure is such that a linear tensile strength ele- 
ment is disposed in a sheath; arid in another as- 
pect of the embodiment, the structure is such that 
a linear tensile strength element is disposed at a 
center as a central interposition and core wire 
ribbon stacks are disposed around the linear tensile 
strength element for form an assembly, and the 
assembly is covered by a sheath (the details will 
be described later). The former is adapted for the 
case where only one stack of the core wire ribbon 
is used, and the latter is adapted for the case of a 
plurality of the stacks used.. 

In any constituin, the sheath to protect the core 
wire ribbon is formed of rubber, plastic, rubber or 
plastic impregnated cloth or other material, all 
heretofore known. 

A process for producing the cable of such 
fundamental constitution is also heretofore known, 
and fundamentally comprises steps of forming a 
stack of the core wire ribbon or, in some cases, 
forming an assembly by bundling or stranding a 
plurality of the stacks, and putting a sheath thereon 
as a covering. 



II-2. Water Penetration Preventive Ribbon type Ca- 
ble 

A water penetration preventive ribbon type ca- 
ble according to the present invention is character- 



ized in that at least one of laminates of core wire 
ribbons of a ribbon type cable of the fundamental 
constitution described above is wound, as such or 
together with a water absorptive linear element 

s (details will be described later), with a water ab- 
sorptive tape (details will be described later), and in 
case where a plurality of the stacks are used, the 
stacks are together with a plurality of the water 
absorptive linear elements, wound with a water 

w absorptive tape. 

More specifically, the stack is made 
"waterproof" (a) by winding directly a water ab- 
sorptive tape round it, or (b) winding a water ab- 
sorptive tape round a bundle of the stack and a 

75 water absorptive linear element, or (c) winding a 
water absorptive tape round the stack itself and 
further winding a water absorptive tape round a 
bundle of the stack and a water absorptive linear 
element. 

20 Since the covering of the core wire ribbon 

stack with the water absorptive tape and the adding 
of the water absorptive linear element in the gap 
within the covering tape are practiced as long as a 
water penetration preventing effect is attained to a 

25 desired degree, and, in the case where the cable is 
formed of a plurality of the stacks of the core wire 
ribbons, at least one of the stacks may be made 
water proof by at least one of the means for 
making water proof (a) to (c), preferably the means 

30 (c). 

• When the cable is formed of a plurality of the 
stacks of core wire ribbons, the assembly of the 
stacks is wound, together with a linear water ab- 
sorptive element or eiements.with a water absorp- 

35 tive tape. 

When a plurality of the stacks of the core wire 
ribbon are assembled and the assembly is wound 
with the water absorptive tape and when the water 
absorptive linear element is to fill the linear space 

40 within the covered assembly of the stacks, it may 
be a common practice that the water absorptive 
tape is bundled or strained together with the core 
wire ribbon stacks and, in some cases, the linear 
tensile strength element when the stacks (and the 

45 linear tensile strength element) are bundled or 
stranded to form a cable, and accordingly neces- 
sary number (one or a plurality) of water absorptive 
linear elements may be used at the time of manu- 
facturing the cable bin due consideration of the 

so volume of the gap to fill. 

Figs. 3 and 4 are sectional views showing an 
embodiment of two types of a water penetration 
preventive ribbon type cable according to the 
present invention, wherein Fig. 3 is of a first type, 

55 i.e. of one core wire ribbon stack, and Fig. 4 is of a 
second type i.e. of a plurality of stacks. These 
embodiments ail have stacks or an assembly there- 
of covered with the water absorptive tape, and 
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'filling with water absorptive linear elements of the 
gap within the covered stacks or assembly to the 
maximum degree, which is a typical embodiment 
of the present invention, although the present in- 
vention is not limited to the particular embodiment. 
The water penetration preventive ribbon type cable 
according to the present invention can be manufac- 
tured by a conventionnal method of manufacturing 
the above-described cable of the fundamental con- 
stitution, which comprises steps of winding the 
water absorptive tape round the core wire ribbon 
stack or the its assembly (winding of a tape round 
core wires is known as a unit step in the conven- 
tional manufacture of cables) and bundling or stran- 
ding the stacks and/or the assembly together with 
the water absorptive linear element. 



1-3. Fundamental Constitution of Slot Ribbon type 
Cable 

Yet another aspect of a cable of the present 
invention is of a slot ribbon type cable, and, as 
described above, a plurality of core wires are 
aligned in parallel, the entire core wires are coated 
with or embedded in a plastic material in a flat 
state to form a core wire ribbon, and a stack of the 
ribbons is housed in a slot formed longitudinally on 
the outer periphery of the core structure, which is 
covered with a sheath. 

Such a fundamental constitution of the cable is 
heretofore known. 

The "core wire" is formed of metal wire made 
of copper or aluminum, etc. in case that the cable 
is of an electric wire, or formed of an optical fiber 
in case that the cable is for use in an optical 
communication. The slot ribbon type cable is par- 
ticularly adapted as a cable for an optical fiber. In 
case of the optical fiber, the optical fiber is covered 
with a buffer layer (e.g., a flexible ultraviolet-cros- 
slinked plastic layer) to protect the optical fiber, 
and further provided with a coating made of a 
plastic, such as nylon or the like. In the present 
invention in this specification, such a structure is 
called "a core wire". The core wire is formed of a 
single wire or may be formed of a plurality of wires, 
or stranded wires, all of which are defined as "a 
core wire". In this case, a core wires may have 
different types, thicknesses or diameter. 

A plurality of such core wires are aligned in 
parallel, the entire core wires are covered with or 
embedded in a plastic material in a flat state to 
form a core wire ribbon or core wire tape, and a 
plurality of the core wire ribbons are superposed to 
form a stack, the stack is contained in a slot of the 
core structure to form a slot ribbon type cable. 

Since the optical fibers are normally weak 
against a tension even if they are formed in a 



ribbon or in a structure, it is reasonable to house 
the stack in a slot of a core structure to form a 
cable but the cable may still be weak against a 
tension. 

5 In order to provide a cable with tensile strength 

required for a cable, it is a common practice to 
dispose a linear tensile strength element made of 
metal wire or the like within the core structure. The 
linear tensile strength element may be a metal wire 

10 itself, or may be one having a suitable covering 
(e.g., a buffer covering). The tensile strength nec- 
essary as the cable can be provided also by dis- 
posing a linear tensile strength element in the slot 
of the core structure or in the sheath of the cable. 

75 In any constitution, the sheath to protect the 
core wire ribbon is formed of rubber, plastic, rub- 
ber or plastic impregnated cloth or other material, 
all heretofore known. 

A process for producing the slot ribbon type 

20 cable of such fundamental constitution is also here- 
tofore known, and fundamentally comprises steps 
of forming a stack of the core wire ribbons, in- 
troducing it to the slot of the core structure and 
covering the core structurer with a sheath. 



11-3. Water Penetration Preventive Slot Ribbon type 
Cable in accordance with the present invention 

30 A water penetration preventive slot ribbon type 
cable according to the present invention is char- 
acterized in that at least one of stacks of core wire 
ribbons of a slot ribbon type cable of the fun- 
damental constitution described above is wound 

35 with a water absorptive tape, and/or a water ab- 
sorptive linear element is interposed at least partly 
in a gap within the slot of the core structure or/and, 
the core structure is wound with the water absorp- 
tive tape. 

40 The water absorptive linear element for filling 

the gap within the slot of the core structure of the 
cable, i.e., the linear gap, may be put to its place at 
the time of manufacturing the cable where a neces- 
sary number (one or a plurality) of water absorptive 

45 linear elements is used in view of the volume of the 
gap formed in the slot to be filled. 

Figs. 5 and 6 are sectional views showing still 
another embodiment of a water penetration preven- 
tive slot ribbon type cable according to the present 

so invention, wherein Fig. 5 is of a core wire ribbon 
stack, and Fig. 6 is of a plurality of ribbon stacks in 
the slot of the core structure. The embodiment of 
Fig. 6 has covering of core wire ribbon structures 
with the water absorptive tape and filling with a 

55 water absorptive linear element of the gap within 
the cable are made to the maximum degree, which 
is a typical embodiment of the present invention, 
although the present invention is not limited to the 
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particular embodiment. 

The water penetration preventive slot ribbon 
type cable according to the present invention can 
be manufactured by a conventional method of 
manufacturing a cable of the fundamental constitu- 5 
tion given above, which comprises steps of winding 
the water absorptive tape round the core wire rib- 
bon stack and the core structure (winding of a tape 
round wires is known as a unit step in the manufac- 
ture of cables) and putting the core wire ribbon w 
stack in the slot of the core structure together with 
the water absorptive linear element. 



I-4. Fundamental Constitution of Slot type Cable 75 

Still another aspect of a cable of the present 
invention is of a slot type cable, and, as described 
above, in a structure that one or a plurality of core 
wires are collectively contained in a plurality of 20 
slots formed longitudinally of the outer periphery of 
the core structure, and one or a plurality of such 
core structures are collectively covered with a 
sheath. Such a fundamental constitution of the ca- 
ble is heretofore known. 25 

The "core wire" is formed of metal wire made 
of copper or aluminum, etc. in case that the cable 
is of an electric wire, or formed of an optical fiber 
in case that the cable is for use in an optical 
communication. The slot type cable is particularly 30 
adapted as the cable for an optical fiber. In case of 
the optical fiber, the optical fiber is covered with a 
buffer layer (e.g., a flexible ultraviolet-crosslinked 
plastic layer) to protect the optical fiber, and further 
provided with a coating made of a plastic, such as 35 
nylon or the like. In the present invention in this 
specification, such a structure is called "a core 
wire". The core wire is formed of a single wire or 
may be formed of a plurality of wires, or stranded 
wires, all of which are defined as "a core wire". In 40 
this case, a core wires may have different types, 
thicknesses or diameters. 

One or a plurality of such core wires are collec- 
tively contained in the slot of the core structure as 
a slot type cable. The core wires of such a con- 45 
stitution are covered with a sheath as one or a 
plurality collectively as a slot type cable. 

Since the optical fibers are normally weak 
against a tension, it may be reasonable to house 
the stack of ribbons in the slot of the core structure 50 
to form a cable but the cable is still weak against a 
tension. In order to provide the cable with tensile 
strength necessary for a cable, it is a common 
practice to dispose a linear tensile strength ele- 
ment made of metal wire or the like within the core 55 
structure. The linear tensile strength element may 
be a metal wire itself, or may be one having a 
suitable covering (e.g., a buffer covering). The ten- 



sile strength necessary as the cable can be pro- 
vided by disposing a linear tensile strength element 
within the core material or in the slot of the core 
material or in the sheath of the cable, or in the 
case of a plurality of the core structures used, the 
tensile strength element is disposed in a bundle 
with the core structure at the time when the core 
structure is covered with the sheath, or disposed in 
the sheath. 

In any constitution, the sheath to protect the 
core wire and the core material is formed of rub- 
ber, plastic, rubber or plastic-impregnated cloth or 
other material, all heretofore known. 

A process for producing the slot type cable of 
such fundamental constitution is also heretofore 
known, and fundamentally has steps of introducing 
the core wire (one or a plurality) in the slot of the 
core structure and covering a sheath thereon. 



II-4. Water Penetration Preventive Slot type Cable 

A water penetration preventive slot type cable 
according to the present invention is characterized 
in that one and/or a plurality of core wires of a slot 
type cable of the fundamental constitution de- 
scribed above are collectively wound with a water 
absorptive tape, and/or a water absorptive linear 
element is interposed at least partly in a gap within 
the slot of the core structure, and/or one and or a 
plurality of core structures are collectively wound 
with the water absorptive tape, and/or, in the case 
where a plurality of the core structures are used, 
an assembly of the core structures is wound with 
the water absorptive tape together with water ab- 
sorptive linear element 

The water absorptive linear element for filling 
the slot of the core structure of the cable, i.e., the 
linear gap and, in case of a plurality of core wires 
used, a water absorptive linear element to exist 
together with an assembly of the plurality of core 
wires when the assembly is wound with the water 
absorptive tape may be used in necessary number 
(one or a plurality) of water absorptive linear ele- 
ments at the time of manufacturing the cable with 
consideration of the volume of the gap formed in 
the slot or between the core materials to dispose it 
in the cable. 

Figs. 7 and 8 are sectional views showing still 
another embodiment of two types of a water pene- 
tration preventive slot type cable according to the 
present invention, wherein Fig. 7 is one type made 
of a one core structure, and Fig. 8 is another type 
made of a plurality of core structures. These em- 
bodiments have covering of core wires or core 
structures with the water absorptive tape, and filling 
the gap in the cable with the water absorptive 
linear element is made to the maximum degree, 
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which is the typical embodiment of the present 
invention, although the present invention is not 
limited to the particular embodiment. 

The water penetration preventive slot type ca- 
ble according to the present invention can be man- 
ufactured by a conventional method of manufactur- 
ing the cable of the fundamental constitution given 
above, which comprises the steps of winding the 
water absorptive tape round the core wire ribbon 
and the core structure (winding of a tape is known 
as a unit step in the manufacture of cables) and 
putting the core wire in the slot of the core struc- 
ture together with the water absorptive linear ele- 
ment and winding of the water absorptive tape 
round the core structures together with the water 
absorptive linear element in case of a plurality of 
the core structures used. 



1-5. Fundamental Constitution of Loose Pipe type 
Cable 

Still another aspect of a cable of the invention 
comprises an assembly of a plurality of pipes con- 
taining a core wire (the inner diameter of the pipe 
is larger than the outer diameter of the core wire 
contained in the pipe) and an optional linear ele- 
ment containing at least one linear tensile strength 
element as a linear element and a sheath covering 
the assembly. Another embodiment of this aspect 
of the cable corresponds to the assembly of the 
cable, and comprises a plurality of assemblies 
(hereinafter referred to as "primary assembly") of 
linear elements containing a plurality of pipes con- 
taining a core wire and at least one linear tensile 
strength element as a linear element, which assem- 
blies together with at least one optional linear ten- 
sile strength element as a linear element are as- 
sembled to form an assembly (hereinafter referred 
to as "secondary assembly") with a sheath cover- 
ing the secondary assembly to form the cable. 

Such a fundamental constitution of the cable is 
heretofore known. 

The "core wire" is formed of metal wire made 
of copper or aluminum, etc. in case that the cable 
is of an electric wire, or formed of an optical fiber 
in case that the cable is for use in an optical 
communication. The loose pipe type cable is par- 
ticularly adapted as the cable for an optical fiber. In 
case of the optical fiber, the optical fiber is covered 
with a buffer layer (e.g., a flerible ultraviolet-cros- 
slinked plastic layer) to protect the optical fiber, 
and further provided with a covering made of a 
plastic, such as nylon or the like. In the present 
invention in this specification, such a structure is 
called "a core wire". The core wire is formed of a 
single wire or may be formed of a plurality of wires, 
or strand wires, ail of which are defined as "a core 



wire". A plurality of linear elements to form an 
assembly and particularly core wires may have 
different types, thicknesses or diameters. 

The loose pipe type cable has a structure such 

5 that in a pipe which is normally made of a plastic, 
plastics having suitable elasticity being preferable, 
are placed core wires referred to above "loosely" 
and hence in a "loose" state, and the pipes are 
formulated into a cable as if the pipes correspond 

10 to the core wires of the conventional strand cable. 
In the present invention, this pipe as well as a 
linear tensile strength element to be used in some 
cases optionally is called "linear element" of a 
cable. 

rs Since the optical fibers are normally weak 
against a tension, it is a common practice, in order 
to provide tensile strength necessary as a cable, to 
dispose a linear tensile strength element made of 
metal wire or the like in the core structure. The 

20 linear tensile strength element is formed of a metal 
wire, or may be formed of (so-called a central 
interposition of) a suitable covering (e.g., a buffer 
covering). The tensile strength necessary as the 
cable can be provided by disposing a linear tensile 

25 strength element in the sheath. One of the reasons 
why the linear tensile strength element is called 
"optional" resides in this structure, and the 
"sheath" in the present invention is understood to 
be not only a mere covering but a kind of a 

30 strength member. 

The above-mentioned linear elements may be 
formed as a mere bundled state or preferably 
stranded state as an assembly (primary assembly) 
of the linear elements. It* is noted that other linear 

35 element matching the object of the present inven- 
tion may also be further disposed as required in 
the primary assembly within the scope of the 
present invention. 

An embodiment of a cable of such fundamental 

40 constitution is of a structure that a linear tensile 
strength element is disposed at a center as a 
central interposition and core wires are disposed 
around the linear tensile strength element as an 
assembly, and a sheath covering the assembly 

45 (The details will be described later). 

Another aspect of a water penetration preven- 
tive cable according to the present invention has as 
a fundamental constitution a structure that a cable 
of the above-described fundamental constitution 

50 without sheath (primary assembly) and an optional 
linear tensile strength element as a linear element 
are assembled, and the assembly thus formed 
(secondary assembly) is covered with a sheath. 
The primary assembly of the linear element of 

55 the secondary assembly and the optional linear 
tensile strength element are as described above 
with respect to the primary assembly, and the 
formation of the assembly (secondary assembly) 
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formed by bundling or stranding these linear ele- 
ments stand explained if the description of the 
formation of the primary assembly given above is 
read with the "core wires" replaced by the 
"primary assembly". 

An embodiment of the cable of the fundamen- 
tal constitution made of the secondary assembly is 
of a structure that the primary assembly having no 
linear tensile strength element is disposed around 
the linear tensile strength element as an assembly 
(secondary assembly) and a sheath covering the 
secondary assembly (details will be described 
later). 

In any constitution, the sheath to protect the 
core wires and the assembly covering the outer 
periphery of the cable is formed of rubber, plastic, 
rubber or plastic impregnated cloth or other ma- 
terial, all heretofore known. 

A process for producing the loose pipe type 
cable of such fundamental constitution is also here- 
tofore known, and fundamentally has steps of in- 
troducing the core wire into the pipe, forming an 
assembly by bundling or stranding the linear ele- 
ments, i.e. the pipes and an optional tensile 
strength element and covering the assembly with a 
sheath. 



II-5. Water Penetration Preventive Loose Pipe type 
Cable 

A water penetration preventive cable according 
to the present invention is characterized in that at 
least one of linear elements of the cable of any of 
the aspects of the fundamental constitutions de- 
scribed above (the primary assembly and the op- 
tional linear tensile strength element, in case of the 
secondary assembly) is wound with a water ab- 
sorptive tape (details will be described later), an 
assembly (primary or secondary) to be covered 
with a sheath is wound with a water absorptive 
tape, and/or a water absorptive linear element 
(details will be described later) is interposed at 
least partly in a gap between the linear elements 
and or between the linear element and the sheath. 

Since the covering of the linear element with 
the water absorptive tape and the filling with the 
water absorptive linear element of the gap in the 
cable are practiced to an extent that a water pene- 
tration preventing effect is attained, at least one of 
the linear elements may be covered with the water 
absorptive tape. It is noted as described above that 
a plurality of linear elements to form an assembly 
may have different types and thicknesses or diam- 
eters. In this case, the water absorptive tape may 
be wound round a specific linear element only. The 
core wires or the primary assembly not wound with 
the water absorptive tape can be covered with a 



conventional tape. 

On the other hand, since the water absorptive 
linear element to fill the linear gap in the cable is 
usually bundled or stranded together when the 
5 linear elements are bundled or stranded so as to 
be disposed in the cable, (the water absorptive 
linear element may be further disposed in the gap 
between the assembly and the sheath on the outer 
periphery of the assembly and covered with a 

to sheath), necessary number (one or a plurality) of 
water absorptive linear elements may be used at 
the time of manufacturing the cable by considering 
the air gap to be formed. 

Figs. 9 and 10 are sectional views showing still 

75 another embodiment of two types of a water pene- 
tration preventive cable according to the present 
invention, wherein Fig. 9 is of a first type made of a 
primary assembly, and Fig. 2 is of a second type 
made of a secondary assembly. These embodi- 

20 ments all have a structure that one linear tensile 
strength element disposed at a center and core 
wires or primary assembly (without linear tensile 
strength element) disposed on the periphery of the 
linear tensile strength element, and that the core 

25 wire-containing pipes or their assembly are (is) 
wound with the water absorptive tape and the water 
absorptive linear elements fill the gap in the cable 
to the maximum extent, which is the typical em- 
bodiment of the present invention, although the 

30 present invention is not limited to the particular 
embodiment. 

The water penetration preventive loose pipe 
type cable according to the present invention can 
be manufactured by a conventional method of 

35 manufacturing the above-referred cable of the fun- 
damental constitution, which comprises the steps 
of winding the water absorptive tape round the core 
wire-containing pipe or its primary assembly 
(winding of a tape is known as a unit step in the 

40 manufacture of cables) and bundling or stranding 
the core wire containing pipe and/or the primary 
assembly thereof together with the water absorp- 
tive linear element. 

45 

III. Water absorptive tape and Water absorptive 
linear element 

In the present invention as the water penetra- 
50 tion preventive material is employed a water ab- 
sorptive polymer complex obtained by polymeriz- 
ing a water soluble ethylenically unsaturated mon- 
omer impregnating or coated on a tapelike, or 
linear support or a support to be formed in a 
55 tapelike or linear shape. 

The aqueous soluble ethylenically unsaturated 
monomer includes acrylic acid or methacrylic acid 
(the acryi or methacryl moiety hereinafter is re- 
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' f erred to as "(meth)acryO or its partially or totally 
neutralized products (e.g., alkaline metal salt or 
ammonium salt), (meth)acrylamide, N-methylol- 
(meth)acrylamide, ethyleneglycol mono(meth)- 
acrylate, vinylsulfonic acid, etc. The (meth)acrylic 
acid or its neutralized product (particularly those 
whose 20% or more of carboxyl groups have been 
neutralized) is particularly preferable. 

In order to impart desired water insolubility to 
hydrophilic polymer produced by the polymeriza- 
tion of these monomer as shown above, a crossiin- 
king monomer can be copolymerized, and such 
crosslinking monomer includes N.N -methylenebis- 
(meth)acrylamide, polyethyleneglycol di(meth)- 
acrylates glycerin di- or tri(meth)acrylate, etc. In 
addition to crosslinking monomers other monomer 
suitable to the object of the invention and such 
copolymers are hence comprised in "water absorp- 
tive polymer complex obtained by polymerizing a 
water soluble monomer". 

The support to carry on it these monomers to 
form a water absorptive polymer complex is in a 
tapelike or linear shape or in a form to be pro- 
cessed into a tapelike or linear shape of a fibrous 
or spongy product made of an absorptive material 
or a nonabsorptive material. More particularly, it 
includes nonwoven fabric, woven or knitted fabric, 
sponge (which means not only sponge in the nar- 
row definition, but includes widely elastic porous 
materials, continuously porous material being desir- 
able.), plastic film. etc. The support may be formed 
into a tapelike or linear piece of necessary size 
before or after polymerizing step conducted there- 
on. 

The monomer is polymerized on such a sup- 
port by any suitable process matching the object of 
the invention. A typical process comprises the 
steps of impregnating or coating the support with 
an aqueous monomer solution, or spraying the 
monomer solution on the support and initiating 
polymerization by generating free radicals by de- 
composing a radical polymerization initiator which 
has been dissolved in the aqueous monomer solu- 
tion (e.g., by heating, or, in case that the dissolved 
polymerization initiator is an oxidizing component 
of a redox combination, by adding a reducing com- 
ponent) or by irradiating the monomer with high 
energy radioactive ray or by any suitable step for 
initiating the polymerization. The way of adding the 
free radical polymerization initiator is not critical. 
For example, it may be dissolved in the monomer 
solution or radical polymerization initiator solution is 
sprayed to the support coated with the monomer, 
or the monomer solution may reversely be sprayed 
to the support coated with the radical polymeriza- 
tion initiator. After the polymerization is finished, 
the polymer-support complex is dried, shredded 
and subjected to other optional steps desired to 



obtain tapelike or linear element. The content of the 
water absorptive polymer in the support is normally 
1 to 1000% by weight of the support, and prefer- 
ably 10 to 100% by weight. 
5 The tape and the linear element may not al- 

ways be made of the same material for a given 
cable. For example, the tape is formed of a non- 
woven fabric as a support, and the linear element 
is formed of a sponge as a support. 

70 

IV. Examples 

The Examples exhibit the water penetration 

75 preventing effect of the tapelike or linear water 
absorptive polymer complex of the water penetra- 
tion preventive cable of the type of the embodi- 
ments described above. 

Aqueous potassium acrylate solution of the de- 

20 gree of neutralization of 70 mol-% of 63% by 
weight of solid content was prepared. 0.4% by 
weight of N,N -methylenebisacrylamide and 0.3% 
by weight of potassium persulfate to the potassium 
acrylate monomer were dissolved in this solution, 

25 and a nonwoven fabric of polyester fibers ("Marix 
90403 WSO" manufactured by Unitika, Ltd., Japan) 
of a basis weight of 40 g/m 2 was impregnated 
uniformly with the aqueous solution of 50 g/m 2 of 
polymer quantity. 

30 On the other hand, a stringlike element made 
of polyester fibers of dimensions of 1 mm x 100 m 
was impregnated with the monomer solution to a 
level of 0.5 g/g of polymer quantity, and wound on 
a mesh mandrel made of Teflon. 

35 These .monomer-impregnated materials were 
placed in an oven in which the air was substituted 
with nitrogen, left to stand for 1 hour to polymerize 
the monomer, and were subjected to driping under 
reduced pressure and at 100° C, whereby a water 

4o absorptive sheet and linear elements made of wa- 
ter absorptive polymer complex were obtained. 
This sheet was shredded into 2 cm of width to give 
a water absorptive tape. 

A rod of low density polyethylene (8 mm in 

45 diameter x approx. 7 m) was prepared, the water 
absorptive tape of 2 cm width was wound round it 
at a predetermined pitch, cut into seven pieces of a 
length of 1 m. The seven pieces were used as core 
wire equivalents. 

so These seven pieces were bundled so that one 
of these pieces was disposed at a center, 6 pieces 
were disposed around the center, and the water 
absorptive linear elements in the gaps therein in 
the same direction, the bundle was tied up, and the 

55 water absorptive linear elements were further 
aligned and buried in the recess on the outer 
periphery of the bundle in the same direction, 
followed by winding round it with the water absorp- 
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tive tape. The formed assembly was covered with a 
polyethylene covering of 2 mm thick. 

The obtained cable equivalent was disposed 
horizontally, and water pressure of 0.1 kg/cm 2 was 
applied to one of its ends, thereby to cary out a 5 
test for its waterproofness at ambient temperature. 
Even after 6 hours were elapsed, no water was 
dropped from the other end as the result of running 
of water through the gaps between the polyethyl- 
ene pieces of the cable equivalent. w 

As described above, the water penetration pre- 
ventive cable according to the present invention, 
even if water is penetrated due to the damage of 
the sheath, it was confirmed that the effect of 
preventing the penetration of the water was pre- is 
sented. Further, no stick like water repellent jelly 
existed for preferable manufacturing work. 

DETAILED DESCRIPTION OF THE DRAWINGS 20 



The parts or members shown in Figs. 1 
through 1 0 are as follows. 

Figs. 1_ 2 1: core wlre: 1a: °P ticaI fiber ; 25 
lb: buffer covering" 1c: plastics covering; 4, 9, 12, 
17: water absorptive tape; 5, 13: tensile strength 
element; 6, 14: central interposition; 7, 8, 15, 16: 
water absorptive linear element; 10, 18: outer 
covering/sheath; 11: cable unit/primary assembly; 30 
1 9: unit strand cable. 

Figs. 3 and 4 1,9: tensile strength element; 
2: optical fiber core wire; 3: ribbon; 4, 6, 1 2: water 
absorptive tape; 5,11: water absorptive linear ele- 
ment; 7: ribbon type cable unit/primary assembly; 35 
8, 13: outer covering/sheath; 10: central interposi- 
tion; 14: water penetration preventive unit ribbon 
type cable/secondary assembly. 

Figs. 5 and 6 1: core wire; 2: core wire 
ribbon; 3: stack of ribbon; 4, 6: water absorptive 40 
tape; 5: water absorptive linear element; 7: tensile 
strength element; 8: core structure with slots; 9: 
outer covering/sheath; 10: water penetration pre- 
ventive slot ribbon type cable. 

Figs. 7 and 8 1,9: tensile strength element; 45 
2: core structure with V-slots; 3: core wire; 4, 6, 1 1 , 
14: water absorptive tape; 5, 12, 13: water absorp- 
tive linear element; 7, 15: outer covering/sheath; 8: 
V-slot type cable unit; 10: central interposition; 16: 
V-slot unit type cable. 50 

Figs. 9 and 10 1 , 1 1 : tensile strength ele- 
ment; 2, 12: central interposition; 3: core wire; 4: 
plastics pipe; 5, 8, 13, 16: water absorptive tape; 6, 
7, 14, 15: water absorptive linear element; 9, 17: 
outer covering/sheath; 10: loose pipe type cable 55 
unit/primary assembly; 18: loose pipe type unit 
cable. 



Claims 

1 . A water penetration preventive cable having 
an assembly of at least one optional linear element 
comprising a core wire and at least one linear 
element comprising a linear tensile strength mem- 
ber, the assembly being covered with a sheath to 
form the cable, characterized in that (1) at least 
one of the linear elements is wound with a water 
absorptive tape, and/or (2) a water absorptive linear 
element is interposed at least partly between said 
linear elements and/or between said linear element 
and said sheath, and/or (3) said assembly is wound 
with a water absorptive tape, and further in that (4) 
said water absorptive tape and said water absorp- 
tive linear element are made of a water absorptive 
polymer complex obtained by polymerizing a water 
soluble ethylenically unsaturated monomer impreg- 
nating or coated on a tapelike or a linear support or 
a support to be formed into a tapelike or linear 
shape. 

2. The cable as claimed in claim 1 , which is a 
water penetration preventive cable having a secon- 
dary assembly of linear elements comprising a 
plurality of primary assemblies and at least one 
optional element comprising a linear tensile 
strength member, the primary assembly being of at 
least one linear element comprising a core wire 
and at least one optional linear element comprising 
a linear tensile strength member, the secondary 
assembly being covered with a sheath, to form the 
cable characterized in that (1) at least one of the 
linear elements of the primary assemblies is wound 
with a water absorptive tape, and/or (2) a water 
absorptive linear element is interposed at least 
partly between the linear elements of the primary 
assemblies, and/or (3) at least one of the linear 
element of said second assembly is wound with a 
water absorptive tape, and/or (4) a water absorptive 
linear element is interposed at least partly between 
the linear elements of the second assembly and/or 
between the linear element of the second assembly 
and the sheath, and/or (5) the second assembly is 
wound with a water absorptive tape, and further in 
that the (6) said water absorptive tape and said 
water absorptive linear element are made of a 
water absorptive polymer complex obtained by 
polymerizing a water soluble ethylenically unsatu- 
rated monomer impregnating or coated on a 
tapelike or a linear support or a support to be 
formed into a tapelike or linear shape. 

3. The cable as claimed in claim 1, which is a 
water penetration preventive layer-strand cable 
comprising linear elements comprising a plurality 
of core wires and at least one optional linear tensile 
strength element, an assembly of said linear ele- 
ments being assembled and the assembly being 
covered with a sheath to form the cable character- 
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' ized in that (1) at least one of linear elements is 
wound with a water absorptive tape, (2) absorptive 
linear element is interposed at least partly between 
said linear elements and/or between said linear 
element and said sheath, and, (3) said assembly is 
wound with a water absorptive tape, and (4) said 
water absorptive tape and said water absorptive 
linear element are made of water absorptive poly- 
mer complex obtained by polymerizing a water 
soluble ethylenically unsaturated monomer impreg- 
nating or coated on a tapelike or linear support or a 
support to be formed into a tapelike or linear 
shape. 

4. The cable as claimed in claim 1, which is a 
water penetration preventive layer strand cable 
comprising a secondary assembly of linear ele- 
ments comprising a plurality of primary assemblies 
and at least one optional element comprising a 
linear tensile strength member, the primary assem- 
bly being of at least one linear element comprising 
a core wire and at least one optional linear element 
comprising a linear tensile strength member, the 
secondary assembly being covered with a sheath 
to form the cable, characterized in that (1) at least 
one of linear elements of said primary assemblies 
is wound with a water absorptive tape, (2) an ab- 
sorptive linear element is interposed at least partly 
in a gap between said linear elements of said 
primary assemblies and, (3) at least one of the 
linear element of said second assembly is wound 
with a water absorptive tape, (4) a water absorptive 
linear element is interposed at least partly in a gap 
between linear elements of said second assembly 
and/or in a gap between the linear element of said 
second assembly and said sheath, and (5) said 
second assembly is wound with a water absorptive 
tape, and (6) said water absorptive tape and said 
water absorptive linear element are made of water 
absorptive polymer complex obtained by poly- 
merizing a water soluble ethylenically unsaturated 
monomer impregnating or coated on a tapelike or 
linear support or a support to be formed into a 
tapelike or linear shape. 

5. The cable as claimed in claim 1, which is a 
water penetration preventive ribbon type cable 
comprising a stack of core wire ribbons covered 
with a sheath, the core wire ribbon being such that 
a plurality of core wires are aligned and the entire 
core wires are embedded in a flat plastics material, 
characterized in that at least one of the stacks of 
the core wire ribbons optionally with a water ab- 
sorptive linear element is wound with a water ab- 
sorptive tape, and/or, in the case where of a plural- 
ity of the stacks is included, an assembly of the 
stacks together with a plurality of the water absorp- 
tive linear elements is wound with a water absorp- 
tive tape, and said water absorptive tape and said 
water absorptive linear element are made of water 



absorptive polymer complex obtained by poly- 
merizing a water soluble ethylenically unsaturated 
monomer impregnating or coated on a tapelike or 
linear support or a support to be formed into a 
5 tapelike or linear shape. 

6. The cable as claimed in claim 1 , which is a 
water penetration preventive slot ribbon type cable 
comprising a stack of core wire ribbons the core 
ribbon being such that a plurality of core wires are 

w aligned and the entire core wires are embedded in 
a flat plastics material, the stack being housed in 
each of a plurality of slots formed longitudinally of 
the outer periphery of a core structure, the core 
structure being covered with a sheath to form the 

75 cable characterized in that at least one of the stack 
is wound with a water absorptive tape, and/or a 
water absorptive linear element is interposed at 
least partly in a gap in the slot of the core structure 
housing the stack, or/and the core structure hous- 

20 ing the stack is wound with a water absorptive 
tape, said water absorptive tape and said water 
absorptive linear element are made of a water 
absorptive polymer complex obtained by poly- 
merizing a water soluble ethylenically unsaturated 

25 monomer impregnating or coated on a tapelike or 
linear support or a support to be formed into a 
tapelike or linear shape. 

7. The cable as claimed in claim 1 , which is a 
water penetration preventive slot type cable com- 

30 prising one or a plurality of core wires housed in a 
plurality of slots formed longitudinally of the outer 
periphery of a core structure, at least one of the 
core structures being covered with a sheath to form 
the cable characterized in that at least one of the 

35 core wires housed in the slot is wound with a water 
absorptive tape, and/or a water absorptive linear 
element is interposed at least partly in a gap in the 
slot housing the core wire, and/or the core structure 
as it is or as an assembly thereof is wound with a 

40 water absorptive tape, and, in the case where the 
core structure as an assembly thereof is wound 
with a water absorptive tape, the assembly is 
wound with the tape together with a water absorp- 
tive linear element, and said water absorptive tape 

45 and said water absorptive linear element are made 
of a water absorptive polymer complex obtained by 
polymerizing a water soluble ethylenically unsatu- 
rated monomer impregnating or coated on a 
tapelike or linear support or a support to be formed 

so in a tapelike or linear shape. 

8. The cable as claimed in claim 1, which is a 
water penetration preventive loose pipe type cable 
comprising a plurality of linear elements compris- 
ing a plurality of pipes housing a core wire or wires 

55 of smaller outer diameter than the inner diameter of 
the pipe and at least one optional linear tensile 
strength element, of the assembly plurality of linear 
elements being covered with a sheath to form the 
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cable characterized in that at least one of linear 
elements of the cable is wound with a water ab- 
sorptive tape, and/or a water absorptive linear ele- 
ment is interposed at least partly in a gap between 
the linear elements and/or between the linear ele- 5 
ment and the sheath, and/or the assembly is 
wound with a water absorptive tape, said water 
absorptive tape and said water absorptive linear 
element are made of a water absorptive polymer 
complex obtained by polymerizing a water soluble w 
ethylenically unsaturated monomer impregnating or 
coated on a tapelike or linear support or a support 
to be formed into a tapelike or linear shape. 

9. The cable as claimed in claim 1, which is a 
water penetration preventive loose pipe type cable 75 
comprising a secondary assembly of linear ele- 
ments comprising a plurality of primary assembly 
and at least one optional linear tensile strength 
member, the primary assembly being of a plurality 
of linear elements comprising a plurality of pipes 20 
housing a core wire or wires of smaller outer diam- 
eter than the inner diameter of the pipe and at least 
one optional linear tensile strength member the 
assembly being covered with a sheath to form the 
cable, characterized in that at least one of the 25 
linear elements of the primary assembly is wound 
with a water absorptive take, and/or a water absorp- 
tive linear elements is interposed at least partly in a 
gap between the linear elements of the primary 
assembly, and/or at least one of the linear ele- 30 
ments of the secondary assembly is wound with a 
water absorptive tape, and or a water absorptive 
linear element is interposed at least partly in a gap 
between the linear elements and/or between the 
linear element and the sheath of the second as- 35 
sembly and/or the secondary assembly is wound 
with a water absorptive tape, and said water ab- 
sorptive tape and said water absorptive linear ele- 
ment are made of a water absorptive polymer 
complex obtained by polymerizing a water soluble 40 
ethylenically unsaturated monomer impregnating or 
coated on a tapeiike or linear support or a support 
to be formed into a tapelike or linear shape. 
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© Water penetration preventive cable. 



© A water penetration preventive cable comprising 
an assembly of linear elements comprising a core 
wire in a various form and an optional linear tensile 
strength element, the assembly being covered with a 
CO sheath, characterized in that the linear elements 
^and/or the sheath are wound with a water absorptive 
Ujtape, and/or in that the gap between the linear ele- 
|%ments and/or between the linear element and the 
Ps sheath is filled with a linear water absorptive linear 
(V) elements, wherein the water absorptive tape and 
ID water absorptive linear elements are made of a water 
W absorptive polymer supported on a tape like or linear 
q support. 
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